Introduction
Brain structure has been reported to differ between male and female brains (Bostan et al., 2013; Inano et al., 2013; Kim et al., 2012; Koolschijn & Crone, 2013; Ruigrok et al., 2014) , but locations showing sex differences have varied across studies. In the present study, we used novel, improved automated methods to analyze sexrelated differences in brain structure in 69 right-handed males and 69 right-handed females, who had been carefully matched in age and education. By establishing consistent sample characteristics, image scan quality, segmentation, and corrections for overall intracranial volume, we were able to identify sources of inconsistency in previous studies, and provide a clearer picture of sex differences in brain anatomy. We use two independently collected and previously analyzed, high-quality anatomical image sets to increase confidence in our results.
Sex differences in overall brain size are consistently observed in all studies: adult males have 7.4%-11.5% greater gray matter brain volume than females and show a 10.4%-13.6% increase in intracranial volume (ICV) (Good et al., 2001; Ruigrok et al., 2014) . Differences between the sexes of roughly this magnitude are evident by age five (Brain Development Cooperative, 2012; Koolschijn & Crone, 2013) , or even earlier in development (Dekaban, 1977; Luders & Toga, 2010) . Substantial differences in volume remain even when accounting for body size difference (Sacher et al., 2013) , although it should be noted that no body size covariate has been yet found to be fully adequate to account for overall brain size within most human adult populations (Peters et al., 1998) .
When considering regional sex differences however, results have been less consistent across studies. As seen in Table 1 , classical results report inconsistent sex differences throughout in the Table 1 . Regional cortical sex differences reported in previous studies using whole-brain MRI. Magenta; Female > Male; Cyan: Male > Female, L Left Hemisphere, R Right Hemisphere (a) Center column: Consistent VBM results from a recent meta-analysis (Ruigrok et al., 2014) 
Occipital Lobe S
Calcarine Sulcus
cortex, but a recent meta-analysis of several voxel-based morphometry (VBM) studies shows suggested reliable regional sex-related variations (Good et al., 2001; Ruigrok et al., 2014) . However, most of the VBM differences have not been replicated in more accurate surface-based measurements of thickness and area/volume (Luders et al., 2006; Sowell et al., 2007) . Considering surface-based studies, the results in Table 1 suggest that females may hold relative size advantages in superior temporal cortex, parietal lobe, and frontal lobe, but there appears to be little agreement on which hemisphere and/or intra-lobar regions are affected, suggesting that the results may vary with the analytical procedure used (Fischl et al., 1999b; Im et al., 2010; Jiang et al., 2013; Leonard et al., 2008; Luders et al., 2006; Sowell et al., 2007; Van Essen, 2005) . Critically, there is no single widely-used standard for normalizing brain volumes to ICV, an issue contributing to the inconsistency in results, with some groups asserting that sex differences largely disappear when the overall gray matter (GM) difference noted above is removed with proper scaling covariates (Im et al., 2008) .
Studies of sex differences in subcortical structures have also produced conflicting results (Table 1 ). For example, VBM studies show greater relative hippocampal volume in men than women, while other studies show the opposite result (Inano et al., 2013; Sowell et al., 2007; Szabo et al., 2006) . Similar inconsistences are found when examining sex differences in the basal ganglia (Filipek et al., 1994; Inano et al., 2013) and the thalamus (Bramen et al., 2011; Inano et al., 2013) . Ultimately, age-related changes may be playing a crucial role in these discrepant results (Sowell et al., 2004) . However, the amygdala is one structure that appears consistently larger in men in most studies (Goldstein et al., 2001; Good et al., 2001 ) (Inano et al., 2013 .
These inconsistencies in the literature on sex differences may be caused by many factors, including differences in sample characteristics, image scan quality, segmentation approaches, and statistical procedures. In the present study, we address some of these inconsistencies by using a well matched, young, healthy population of male and female subjects, imaged by one operator on a single scanner, and analyzed with automated segmentation and coregistration procedures using multiscale data analysis. Studying a wellmatched young adult population avoids the potential problem of differential age-related changes in brain size rates of change for males and females (Crivello et al., 2014; Thambisetty et al., 2010 ) (Fjell et al., 2009 . The young population also avoids as well the issue of aging-driven brain water content loss (Bansal et al., 2013) that affects image contrast and may influence cortical thickness measurements.
Multiscale analysis identifies the spatial scales at which sex differences manifest themselves. Isolating the scale at which we find differences or the lack thereof can help with confirming possible mechanisms of sex differences: e.g. an overall brain size difference without further relative differences on finer scales is consistent with a single-factor that may influence early development such as sex hormones or genetic sex differences. Also, multiscale analysis is important for proper interpretation of the results in cases where size differences are roughly similar across the cortex; e.g., it avoids claiming that some areas that are just above a statistical threshold show significant differences while others, just below threshold, do not. Rather, a multiscale (nested) analysis might rather suggest that there are sex differences at a coarse spatial scale but no further significant residual differences between areas at finer spatial scales.
The examination of sex differences faces an additional challenge mentioned previously: defining the appropriate scaling coefficients to correct for the overall difference in brain size of male and female subjects. Therefore, we briefly review the literature examining the relative size of brain structures in different mammalian species, and then empirically define the coefficients that best relate human cortical and subcortical structures to overall brain size when different metrics (e.g., cortical volume, area, and thickness) are used. Finally, we use the optimal scaling coefficients computed from a secondary dataset to characterize sex-related differences in brain structure that are independent of overall differences in brain size.
Methods

Overview
The anatomical images of 138 young, right-handed subjects were processed by FreeSurfer (http://surfer.nmr.mgh.harvard.edu), whose automated segmentation procedures also parcellated the cerebral cortical surface (Desikan et al., 2006) and subcortical structures (Fischl et al., 2002; Fischl et al., 2004) . Interhemispheric asymmetries and sex differences in the cerebral cortex were examined using three cortical surface metrics: surface curvature bending energy, surface area, and cortical thickness. Differences in subcortical structure were evaluated with volume measures. Sex differences and sex by hemispheric interactions in cortical and subcortical structure were analyzed using male and female subjects carefully matched in both age and education.
Subjects
We studied the cortical and subcortical anatomy of 138 young subjects recruited from several colleges and military veteran sources in the northern California area, a cohort that we have used in a previous method manuscript (Kang et al., 2012) . All subjects were right handed by self-report. There were 69 male and 69 female subjects, who were carefully matched in age (females: 18-38 years, mean 26.3 years; males: 18-38 years, mean 26.1 years) and education (approximately 15 years for both females and males). All subjects gave informed written consent following procedures approved by Institutional Review Board #1 (IRB00000615; Federal Wide Assurance #FWA00001687) of the Northern California Health Care System of the U.S. Department of Veterans Affairs. We also used an auxiliary group of high quality T1 images contained in a public repository, the OASIS dataset (http://www.oasis-brains.org; (Marcus et al., 2007) ). This independent dataset was used to parameterize our volume normalizations using estimated intracranial volume as detailed below. In particular, we used a young, healthy subset of right-handed OASIS subjects containing 65 males (mean age 22.9; range 18-32) and 65 females (mean age 22.8, range 18-32) and processed them identically to images from our primary dataset.
Imaging
Two high-resolution T1 anatomical images (TR = 15 ms, TE = 4.47 ms, Flip Angle = 35 o , voxel size 0.94 × 1.30 × 0.94 mm) were acquired on a 1.5 T Philips Eclipse scanner. These anatomical images were re-sampled to 1 × 1 × 1 mm resolution, averaged, segmented and then inflated to the cortical surface using FreeSurfer (Dale et al., 1999; Fischl et al., 1999a) . The inflated cortical surfaces of the left hemisphere (LH) and right hemisphere (RH) were then coregistered to a spherical coordinate system (Fischl et al., 1999b) . Figure 1A -D show the inflated cortical surfaces and spheres of LH averaged across all the 138 subjects. Six anatomical areas were identified (Kang et al., 2012) Figure 1E , using Mollweide projection to visualize the entire 3D cortical surface in two dimensions (Kang et al., 2012) .
FreeSurfer also provides the labels and statistical analysis of the segmented subcortical structures (Abe et al., 2010; Fischl et al., 2002; Fischl et al., 2004) . Figure 2 shows the seven FreeSurfersegment subcortical structures discussed herein: i.e., the cerebellum, thalamus, caudate, putamen, pallidum, hippocampus, and amygdala.
Anatomical features on the cortical surface obtained in FreeSurfer, like surface curvature, bending energy, surface area, and cortical thickness, were extracted and resampled from each individual subject into the hemispherically unified coordinate system on the Mollweide projection map. Cortical surface bending energy is the areaweighted square of mean curvature after subtracting hemispheric average mean curvature. Bending energy better reflects the number of gyri and sulci in a region compared to other common cortical folding measures (Pienaar et al., 2008) . Here we use the Bending Energy Density (BED), dividing out by the total area of a region, in order to use a quantity that is not highly correlated with surface area. The surface area associated with a vertex is the averaged area of all the triangles associated with that vertex on the surface (Fischl et al., 1999a) . The total surface area of a region or hemisphere is the summation of the area of all vertices that it includes (Winkler et al., 2012) . The above anatomical parameters for LH and RH were compared without correction for intra-cranial volume (ICV) or age. The volumes of the automatically segmented subcortical structures were also compared using linear regressions, with ICV as a covariate.
Volume normalization
Several methods have previously been used to normalize gray matter volume results for both cortical and subcortical structures, most commonly either by using simple normalization (division) by a total brain volume, or by normalizing brain volumes in stereotaxic (MNI or Talairach) space. However, it is well-established that gray matter scales sublinearly, and white matter (WM) supralinearly, 
A B D C E
with respect to overall cranial or brain volume across mammals in general (Zhang & Sejnowski, 2000) , and across primates in particular (Herculano-Houzel et al., 2010; Ventura-Antunes et al., 2013) . Because the relationship between ICV and size may vary from structure to structure (Bush & Allman, 2003) , more sophistical scaling is required (Im et al., 2008) . Therefore, we used the auxiliary OASIS dataset to establish the fractional powers by which subcortical gray matter structures (e.g. putamen, amygdala, etc.) and total cortical area and thickness vary with respect to total ICV, as computed using FreeSurfer (Buckner et al., 2004) . This was accomplished by using linear regression over logarithmically transformed ICV and log-transformed structure volumes (or cortical area or thickness). ICV to the estimated power was then used as a covariate within subsequent normalized regression analyses to examine sex differences.
Sex differences
The sex differences of the cortical surface parameters and the volumes of the subcortical structures were analyzed both without ICV correction and with ICV correction using empirically optimized regression coefficients. We compared our data to published results (Leonard et al., 2008; Li et al., 2014; Luders et al., 2004; Luders et al., 2006; Ruigrok et al., 2014; Sowell et al., 2007) . Unlike most previous studies, the male and female subgroups were balanced in age and education.
Statistical analyses
Multivariate linear regression (using R's lm function v. 2.15.3 and mle4 library: r-project.org) over sex, age, ICV and a dependent variable of overall subcortical structure volume or cortical area/thickness/bending, either hemispherically averaged or differenced, were used to analyze overall sex and hemispheric differences. Purely categorical within-subject factors were analyzed using repeated measures ANOVA (using CLEAVE: www.ebire.org/hcnlab) with Geisser-Greenhouse non-sphericity corrections uniformly applied. Correlations were computed using MATLAB (v7.14) statistics toolbox (www.mathworks.com), with Pearson correlations used to analyze pairwise relationships and with partial correlations to control for covariates. Because we were looking simultaneously at many effects, we adjusted statistical thresholds so that p<0.01 would indicate a trend, p<0.001 weak statistical significance, and p<0.0001 to indicate a strong statistical relationship. We also report effect size estimates (η) in ANOVA results, and regression coefficients to clarify effect magnitude.
Results
The results are presented as follows: we first give a whole-cortex overview of how our anatomical quantities are related to each other and to the relevant demographic variables. Next, we characterize how ICV is best related to anatomical quantities as well as test ICV's relationship to local cortical asymmetry. Then we record the sex difference results for the whole cortex, cortical regions, and subcortical anatomical structures. Raw data for cortical and subcortical dimension calculations. Descriptions for individual files can be found in 'readme for data. docx'.
Whole-cortex anatomical relationships
We characterized the relationships between whole cortex area, thickness, and BED mean values using full partial Pearson correlations, i.e. pairwise correlations factoring out all other considered quantities. In addition to relating age, sex, and ICV to mean area, thickness, and BED, we also add the three quantities of mean left hemisphere minus mean right hemisphere area, thickness, and BED for concurrent consideration. The most significant of the Bonferroni-corrected partial correlations was found between ICV and mean area (r=+0.89, p<0.0001). The second most significant global correlation was between ICV and mean BED (r=-0.39, p<0.0001), reflecting the constraint that smaller topologically spherical 2D surfaces must have greater mean bending than do larger ones. A slightly weaker positive partial correlation (r=+0.36, p<0.0001) was found between mean cortical area and mean BED. This makes sense as greater cortical area (with ICV held constant) requires greater cortical folding. The weakest partial correlation of significance (r=-0.31, p<0.001), was found between areal and thickness asymmetries. We do not know if this negative correlation reflects a true tradeoff in cortical volume configuration or is an artifact of FreeSurfer's estimation methods, e.g. that FreeSurfer's delineation of the WM/GM boundary is used in estimating both surface area and cortical thickness.
Two additional trend-level cortical relationships were found. Mean thickness (holding ICV and area constant) correlated negatively with BED (r=-0.29, p<0.01), i.e. greater thickness was associated with less cortical folding, implying that thicker cortex has fewer folds within a given volume. We also found a weak relationship between age and mean cortical thickness (r=-0.29, p<0.01) which is not surprising, even within this young-adult cohort. We obtained similar whole-cortex results using the OASIS dataset as well (Supplemental Table S3 ). Table 2 shows the estimated exponent β of ICV that correlated best with our measured size quantities Q, using the model Q=α×ICV β with the auxiliary OASIS dataset and employing the current dataset for comparison. All subcortical volumes had sublinear relationships with ICV (β<1). However, of cortical quantities only area had a substantial positive, but still sublinear relationship with ICV. Moreover, cortical thickness as measured by FreeSurfer was uninfluenced by brain size. Thus, typical methods of normalizing gray matter volumes based on linear ICV correction would significantly overcorrect cortical values, especially for thickness.
Corrections for intracortical volume
Whole hemisphere sex differences in cortical thickness, area, and folding We first describe the results of regression over the demographic variables of sex and age for thickness, BED, and area, averaged across the entire cortex of both hemispheres. The independent variable age failed to reach significance in any of the three regressions, with the highest significance being in the thickness regression with an estimated loss of thickness of 0.004 mm/yr (t 135 =2.4, p=0.017). Sex also did not impact mean cortical thickness or mean BED. However, as expected from previous studies, sex correlated strongly with mean area: men had 10.4% (93 ) greater than females). We also regressed the overall mean differences between the left and right hemispheres in thickness and area over the factors sex, age, and combined mean thickness, area, or BED as independent variables (and for area, also ICV 0.87 ). The only trend to be found in those three regressions was that subjects with larger ICVs tended to show a small increase in relative left hemisphere cortical area (t 134 =2.6, p=0.01; every +10% ICV change implies a +0.7% LH area change).
Sex differences in cortical structures
We used ANOVAs with sex, lobe, and parcel factors to look for regional cortical differences between men and women. We used ICV corrected area for all area comparisons, using the estimated ICV 0.87 parameter from Table 2 . This assumes that the ICV exponent applies across the entire cortex (Im et al., 2008) , a stance which has some support from cortical area genetic heritability studies (Eyler et al., 2011 ) (see also Supplementary Table S2 ).
There were no clear sex differences in regional BED or cortical thickness. BED values did not differ between men and women at the lobar level, with the maximum difference found in the occipital lobe (F 1,136 =4.1, p>0.01). Nor were there significant parcel level differences (p<10 -6 ) in BED. For thickness, the only lobar trend was found in the limbic cortex, where females had 0.05 mm thicker cortex (F 1,136 =7.1, p<0.01, η=0.05).
In contrast, significant sex differences were found in ICV-corrected area measures as shown in Figure 3 . As might be expected given the fact that males had greater overall area, even after adjusting for ICV, males had modestly significant greater area in the frontal lobe (+3.3%, F 1,136 =13.6, p<0.001, η=0.09), and a trend toward greater area in the occipital lobe (+3.8%, F 1,136 =7.2, p<0.01, η=0.05), and the temporal lobe (+2.4%, F 1,136 =7.1, p<0.01, η=0.05). There were no residual sex differences at the parcel level in any lobe, and this result held even when the p value was lowered to trend levels (p<10 Overall ( Figure 3 ) the corrected area differences across the sexes appeared to be symmetric, though there was a trend in the hemisphere × temporal lobe interaction with sex (Sex × Hemi × Parcel, F 6,816 =3.3, p=0.015, η=0.02) that might support lateral temporal areal asymmetries specific to just one sex. Finally, we saw no significant sex by hemisphere interactions in any parcel in any lobe in thickness, area or BED.
Sex differences in subcortical structures
The ANOVA in Table 3 also shows that males had 3-6% larger subcortical volumes on average than did females (η=0.12 to 0.30); i.e., an increase substantially less than the sex difference in ICV. Table 3 also records the results of linear regression analyses using ICV as a covariate (with exponents shown in Table 2 ) to identify sex differences not accounted for by overall brain size. With ICV corrections, only the amygdala remained substantially relatively larger in men (4.0%) though there was also a trend for the male cerebellum to be larger (1.8%) as well. Finally, Table 3 shows that in this uniformly young subject group, there was little detectable volume loss likely due to age, with trends seen only in the cerebellum (-0.3%/yr) and the putamen (-0.4%/yr).
Discussion
Gray matter normalization
It is clear from Table 2 that gray matter in both the cerebral cortex and major subcortical structures increases sublinearly with respect to intracortical volume (ICV). Supplementary Table S1 and Supplementary Table S2 show that in addition, both sexes generally have similar estimated ICV exponents, although the appropriate exponent to use with cortical surface area may vary from lobe to lobe (we used a fixed exponent above). These facts reaffirm that the use of affine normalized brains or the use of simple ICV-based normalization overestimate gray matter volumes for subjects with smaller ICVs, e.g. in females as a group (Im et al., 2008) . This is particularly true for cortical thickness which is well-conserved across different mammalian species (Karbowski, 2014); e.g., ranging from 0.8 mm in the mouse to 3.0 mm in the elephant, consistent with an ICV exponent of approximately 0.1 (Zhang & Sejnowski, 2000) .
A previous study found ICV exponents relating to thickness of 0.24 and to area of 0.74 (Im et al., 2008) . The lack of correlation of ICV with thickness in our results might be due to FreeSurfer's conservative method for measuring thickness using minimum distances from pial to WM/GM junction surfaces, or might reflect the fact that our magnetic resonance imaging (MRI) resolution of ~1.0 mm was small compared to the mean human cortical thickness of 2.5 mm. On the other hand the estimate of Im et al. (2008) of 0.24 estimated with the CIVET automated surface rendering/ measurement tool is likely too high: a separate estimate in that same study showed that cortical GM volume correlated best with ICV 0.85 . Given that Im et al.'s regressions for volume and area with ICV were much more reliable (as are ours) than those for thickness (Im et al., 2008) , and assuming that volume roughly equals thickness times area, the optimal exponent for correlating ICV with thickness should have been much closer to 0.1 (i.e., 0.85 minus 0.74). Thus, it may be that current MR imaging or thickness estimation tools lack adequate precision for estimating proper thickness to ICV relationships within humans.
Cortical sex differences
With the exception of the well-known differences in overall cortical surface area (Luders & Toga, 2010) , intracranial volume (Ruigrok et al., 2014) and to a lesser extent subcortical volumes (Li et al., 2014) , sex differences were generally small in the current study. The sex difference of 10% in cortical surface area that we found was similar to the results of most recent MRI studies (Im et al., 2008; Nopoulos et al., 2000; Pakkenberg & Gundersen, 1997; Ropele et al., 2009; Ruigrok et al., 2014; Van Essen et al., 2012) and post-mortem results (Pakkenberg & Gundersen, 1997), but is Table 3 . Subcortical volume regression results from two analyses for each of seven structures. T values and mean % difference for the multifactorial regression where the dependent variable was structure mean volume across hemispheres; with age and sex as factors as well as ICV (to the power estimated in Table 2 ) as an independent variable. An ANOVA over sex (rightmost column) was used to identify unadjusted volume value quantities associated with sex. * p<0.01, ** p<0.001, *** p<0.0001, Bonferroni corrected. Significant results in boldface. et al., 2010; Barta & Dazzan, 2003; Ronan et al., 2006; Salat et al., 2004) . When we adjust overall cortical surface area for ICV, males had modest but significantly greater surface area, particularly in the frontal lobe. In order to confirm this result, we did a follow up analysis of a subset of our subject group consisting of 43 pairs of men and women matched for ICV, as was done by Luders et al. (2009) . We found the same small difference in surface area (F 1,42 =7.5, p=0.009, 2.5% M>F, η=0.15) plus an even weaker, opposite one in thickness (F 1,42 =4.0, p=0.05, 1.5% F>M, η=0.09) and none in BED (F 1,42 =0.5, p=0.50) between men and women (see also Supplementary Table S5 ). Thus, the ICV adjustment of area appears to be unbiased with respect to our data when used to analyze relative sex differences in this moderate brain sized subgroup.
Age ICV
The effect sizes for other significant sex-related differences were small (η<0.1). The only lobar level thickness difference we found was a trend for females having greater limbic cortex values. Such a result is consistent with observations that the entire limbic cortex contains many estrogen/androgen receptors during development (Goldstein et al., 2001) . In fact, when 33 cortical parcels are ranked as having either a high or low density in estrogen and androgen receptors during early development (Goldstein et al., 2001) , there was a significant relationship to those Desikan parcels having significant (t score) percentile thickness (but not area) advantages favoring females across our 138 subjects [Thickness: ANOVA F 1,32 =10.8, p<0.01, η=0.25; Area: F 1,32 =0.3, n.s.]. Thus, though regional sex differences in thickness are small, the overall pattern appears to support a classic sex steroid mechanism for cortical thickness (but not area) differentiation.
On the other side, males had small relative areal advantages, even after ICV correction, in the frontal and occipital lobes, as well as in patchy regions of the temporal and parietal lobes. In particular, we failed to find evidence of sex differences in volume favoring females in either the parietal or occipital lobes as reported in several recent studies (Im et al., 2006; Luders et al., 2006; Lv et al., 2010; Savic & Arver, 2014) . Overall, the sex differences that we observed were much smaller in magnitude and effect size than those of hemispheric asymmetries (Supplemental Table S5 ; Kang et al., 2015) . However, when we take the overall pattern of parcel level area differences between the sexes, and correlate them with genetic heritability estimates taken from imaging studies of family members (Winkler et al., 2010) , then we find that there was a significant relationship to those parcels having significant (t score) percentile area (but not thickness) advantages favoring males across our 138 subjects [Area: Pearson r=-0.33, p<0.05; Thickness: r=0.07, n.s.]. Thus, a genetic explanation for the pattern of small regional area asymmetries is indicated here [for the OASIS data the heritability/ area difference Pearson correlation was r=-0.52].
Overall, we found few significant regional sex differences in cortical thickness, consistent with some recent reports (Fjell et al., 2009; Im et al., 2006; Im et al., 2008) but not others (Im et al., 2010; Luders et al., 2006; Sowell et al., 2007) . The larger differences reported by others may reflect uncontrolled factors, e.g., age, handedness, or education, that were controlled in the current study. This underscores the importance of using appropriate regression functions for ICV correction (Im et al., 2008) . It is also possible, however, that the two sexes in our relatively well-educated group may be more homogeneous than in a broader community sample of young adults (Luders & Toga, 2010) or in other non-western populations.
Importantly, the well-established sex difference of 8-10% in cortical volume (Peters et al., 1998; Ruigrok et al., 2014) appears to be almost completely attributable to differences in surface area, as one might expect if sex differences follow the scaling relationships between brain area and cortical thickness seen in mammalian brains (Toro et al., 2008) . In this sense our sex difference results resemble those of researchers (Brun et al., 2009; Im et al., 2008; Leonard et al., 2008) who found that individual differences in overall brain size explain far more variance in brain anatomy than do residual differences due to sex.
Subcortical sex differences
When considering subcortical sex differences, a recent study using similar FreeSurfer methodology (Li et al., 2014) found, as we did, that all female subcortical structures were smaller on average than corresponding male ones. When normalized linearly by total brain volume, Li et al. found that the hippocampus of females was relatively larger than that of males. However, simple normalization using total brain volume or ICV would overcompensate for relative hippocampal volumes, especially as the hippocampus has the smallest ICV exponent (Table 2) . We found no significant normalized volume sex differences in the hippocampus.
Using optimized exponents for ICV, we found significant differences in the volumes of the amygdala and the cerebellum between males and females (Table 3) , consistent with most previous studies (Bramen et al., 2011; Kim et al., 2012; Neufang et al., 2009; Peper et al., 2009) . However, one issue with the amygdala sex difference is that the fractional ICV scaling adjustment was the least well-fitting of any subcortical structure when estimated from the OASIS data, perhaps stemming from a difference in scaling relations between the two sexes in our dataset (see Supplemental Table S1 ). Nevertheless, we obtained a significant sex difference in the amygdala when we analyzed the subcortical volumes of the OASIS-130 dataset (Supplementary Table S4 ) and also when we analyzed the 43 ICV-matched pairs (male-female) subset of the primary dataset (F 1,42 =12.9, p=0.0009, M>F 7.3%) using no brain-size covariate. Finally, we note that there have been measurements (Lentini et al., 2013; Neufang et al., 2009) showing that testosterone levels in adolescents and adults track the size of the amygdala (and the hippocampus, but not the basal ganglia), suggesting an important role of sex steroids in the development of the amygdala.
Conclusions
After appropriately correcting for the large, intracranial volumerelated overall differences in the cortical surface area and subcortical structure size between male and female subjects, cortical and subcortical sex differences were reduced in magnitude and generally showed small effect sizes. Males had larger amygdala after ICV volume correction, and there were subtle differences in some cortical regions as well, with relative omnibus area differences favoring males and thickness differences favoring females. The regional distribution of cortical morphometric sex differences also indicated being related to genetic and developmental processes of brain growth.
Our emphasis on the use of mammalian brain scaling in looking at sex differences echoes the suggestion of Im et al. (2008) and extends it to subcortical structures. This avoids the overcorrections of area, volume and especially thickness values that have, we believe, in the past produced results improperly assigning larger relative regional areas, volumes and thicknesses to female subjects. Also, we also repeat Im et al.'s (2008) call to avoid using VBM for investigating group differences when groups have sizeable mean ICV differences because a larger mammalian brain is not an affinescaled smaller mammalian brain: the WM/GM ratio is larger in the former and cortical volume differences are not evenly distributed geometrically; i.e., volume increases are overwhelmingly increases in area resulting in more folding. Lastly, we endorse the empiricallyderived recommendations of Barnes et al. (2010) to use ICV as a covariate when comparing cortical area measures but not when comparing thicknesses.
Data availability
F1000Research: Dataset 1. Raw Data, 10.5256/f1000research. 6210.44689 (Herron et al., 2015) .
Neither our IRB-approved MRI imaging protocol nor our informed consent document signed by our subjects permit us to make the original T1 MRI images publically available. However, we do provide all extracted, anonymized subject data used in the above statistical analyses as well as for the corresponding OASIS data subset that we used.
The androgen/estrogen receptor density level data referred to in the Discussion section from (Goldstein et al., 2001 ) was taken from Table 2 . Only cortical values were used.
The heritability (h 2 ) estimates referred to in the Discussion section were taken from Table 3 in (Winkler et al., 2010) .
Consent
All subjects provided informed written consent following procedures approved by the Institutional Review Board of the Northern California Health Care System of the Department of Veterans Affairs. Table S1 . Powers of ICV estimated to regress best with subcortical structure volume or cortical area/thickness for each sex separately. No significant sex differences found except with the Current-138 dataset's amygdala (p<0.05). However we note that in subcortical volumes the female exponents are always bigger except in the OASIS cerebellum (12 of 13 (1 tie), p<0.01 sign test, post-hoc). There were no significant sex vs. mean area or area asymmetry vs. thickness asymmetry Table S4 . Subcortical volume regression results applied to the OASIS-130 data from two analyses for each of seven structures. The multifactorial regression's dependent variable was structure mean volume across hemispheres; with age and sex as factors as well as ICV -to the power estimated in Table 1 (right column) -as an independent variable to see how much overall brain size reduce sex differences. An ANOVA over sex (rightmost column) was used to identify unadjusted factors contributing to volume values. * p<0.01, ** p<0.001, *** p<0.0001, Bonferroni corrected. Significant results in boldface. Table S5 . Matched-pair analysis of significant Desikan parcel-level sex and hemisphere differences of area, thickness, and BED. 43 ICV-matched male-female pairs of subjects from the current-138 group were selected. ICV differences between the 43 matched pairs averaged 0.31%. Area sex and hemisphere differences are not adjusted for ICV and are analyzed using repeated measures ANOVA for sex as well as hemisphere. Significance is at p<0.01 Bonferroni corrected for all 34 × 3 × 3 comparisons. The asymmetric parcels are similar to those found in all 138 subjects (see Kang et al., 2015) and provide contrast to the complete lack of localizable, significant parcel-level sex differences (all p>0.07, corrected) or sex interactions. 
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